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DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The disclosure of Japanese Patent Application No. P2005 
281061 ?led on Aug. 29, 2005 including the claims, the 
speci?cation, the drawings and the abstract is incorporated 
herein by reference in its entirety. 

BACKGROUND 

1. Field of the Invention 
The present invention relates to a display device, and more 

particularly to a display device Which includes a touch panel 
function. 

2. Description of Related Art 
As a display device Which includes a coordinates inputting 

device, there has been knoWn a display device Which includes 
a touch panel. 

The conventional touch panel is mainly of a resistance ?lm 
type and adopts the structure Which mounts the touch panel on 
the display panel. Accordingly, the conventional touch panel 
has draWbacks such that the visibility is deteriorated due to 
the increase of surface re?ection, a mechanism Which mounts 
the touch panel on the display becomes necessary, and a 
means Which calibrates an output of the touch panel and a 
position of a display becomes necessary. 

To overcome these drawbacks, a display device Which 
incorporates a touch panel function in a display part is dis 
closed in, for example, folloWing published or unpublished 
patent documents 1 and 2. 

In the display device disclosed in patent document 1, the 
photo detection means is constituted of a photo sensor, a 
buffer TFT, an output selection TFT, and a reset TFT. 

In the display device disclosed in patent document 1, ini 
tialiZing and reading of the photo sensor are performed in 
synchronism With a gate scanning signal supplied to a display 
part, and tWo-dimensional image data is outputted. 

In the display device disclosed in patent document 2, a 
photo detection means is constituted of a photo sensor, a 
holding capacitance, an initialiZing means, and a latch means. 

In the display device disclosed in patent document 2, light 
Which is radiated to the photo sensor is binariZed and is held 
by the latch means. The binariZed signal is outputted from a 
signal line and is taken out as a tWo-dimensional image. The 
display device detects a change of image data When a ?nger 
approaches and is brought into contact With a display part and 
speci?es a coordinate position. 

Here, as prior art documents relevant to the present inven 
tion, folloWing documents are named. 
[Patent document 1] US2003076295A 
[Patent document 2] EP1610210A 

SUMMARY 

In the display device disclosed in patent document 1, a 
signal of the photo sensor is outputted through a buffer ampli 
?er and hence, a circuit scale is increased and a numerical 
aperture of a display part is loWered. Further, it is necessary to 
provide a means Which binariZes an analog voltage on a 
peripheral circuit and hence, a transistor having a high func 
tion becomes necessary. 

Further, in applying this method to a touch panel, a coor 
dinate arithmetic means Which specify coordinates of light 
radiation based on the detected tWo-dimensional image 
becomes necessary. 
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2 
In the display device disclosed in patent document 2, the 

photo sensor means includes a latch circuit and hence, a 
circuit scale is increased and a numerical aperture of a display 
part is loWered. Further, a coordinate arithmetic means Which 
speci?es coordinates of light irradiation based on the bina 
riZed tWo-dimensional image becomes necessary. 
One inventor of the ?ve inventors of the present patent 

application, Akimoto, invented other inventions. The same 
assignee as this application ?led an application including the 
other inventions as Ser. No. 11/094,757 to USPTO. 

In the display device disclosed in Ser. No. 11/094,757, 
photo detection means are arranged in a matrix array, each 
photo detection means is constituted of a photo sensor and an 
output thin ?lm transistor in the X, Y directions (hereinafter 
referred to as TFT), and the respective output TFTs in the X, 
Y direction of the photo detection means Which are arranged 
in a matrix array are connected to each other in series. 

In the display device disclosed in Ser. No. 11/094,757, the 
output TFT of each photo detection means takes ON/OFF 
states in response to an output level of the photo sensor. For 
example, assuming that the output TFT of each photo detec 
tion means is turned off upon radiation of light and is turned 
on With no-radiation of light, When any one of the photo 
detection means Which are connected in series is radiated 
With light, the output TFT of the photo detection means 
assumes an OFF state, While When all photo detection means 
are not radiated With light, the output TFTs of all of photo 
detection means assume an ON state. Coordinates of light 
irradiation is detected by such operations. 
The display device disclosed in Ser. No. 11/094,757 

requires, to perform an ON/OFF control of the output TFTs in 
the X, Y directions Which are connected in series, the photo 
sensors of a high-voltage output and, at the same time, the 
TFTs having an extremely high ON/OFF ratio. 
The present invention has been made to overcome the 

above-mentioned draWbacks of the related arts, and it is an 
object of the present invention to provide a technique Which, 
in a display device Which incorporates a touch panel function 
therein, can reduce the number of components Which consti 
tutes a photo sensor circuit, and can detect an accurate input 
coordinates position Without requiring a particular coordinate 
arithmetic circuit. 
The above-mentioned and other objects and noble features 

of the present invention Will become apparent from the 
description of this speci?cation and attached draWings. 

To brie?y explain the summary of the typical inventions 
among inventions disclosed in this speci?cation, they are as 
folloWs. 

(1) In a display device Which includes a display part on 
Which a plurality of pixels are arranged in a matrix array, and 
a plurality of photo detection circuits Which are arranged in a 
matrix array in the inside of the display part, 

each photo detection circuit of the plurality of photo detec 
tion circuits includes a photo sensor Which converts an inci 
dent light into a optical current corresponding to intensity of 
the incident light, an integral capacitance Which integrates the 
optical current converted by the photo sensor, and a compara 
tor to Which a voltage of the integral capacitance is inputted, 
and 

the comparator includes a transistor of an open drain output 
type With a grounded source. 

(2) In the constitution (1), an initialiZing voltage Which 
initialiZes the integral capacitance is applied to the integral 
capacitance via a reset line, 

an output of the comparator includes X output lines, an X 
output circuit Which is connected to Y output lines Which 
intersect the X output lines and to Which the respective X 
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output lines are connected, and aY output circuit to Which the 
respectiveY output lines are connected, and 

the X output circuit and the Y output circuit are arranged 
around the display part. 

(3) In a display device Which includes a display part on 
Which a plurality of pixels are arranged in a matrix array, and 
a plurality of photo detection circuits Which are arranged in a 
matrix array in the inside of the display part, 

the display part includes a plurality of X output lines and a 
plurality ofY output lines Which intersect the plurality of 
X output lines, 

each photo detection circuit of the plurality of photo detec 
tion circuits includes: 

a photo sensor Which converts an incident light into an 
optical current corresponding to intensity of the incident 
light; 

an integral capacitance Which is connected to one end of 
the photo sensor and integrates the optical current Which is 
converted by the photo sensor, 

a ?rst transistor Which has a control electrode thereof con 
nected to a node betWeen the photo sensor and the integrated 
capacitance, a ?rst electrode thereof connected to one of the 
plurality of X output lines, and alloWs a predetermined ?rst 
voltage to be applied to a second electrode thereof, and a 
second transistor Which has a control electrode thereof con 
nected to a node betWeen the photo sensor and the integrated 
capacitance, a ?rst electrode thereof connected to one of the 
plurality ofY output lines, and alloWs a predetermined second 
voltage to be applied to a second electrode thereof. 

(4) In the constitution (3), the display device includes an X 
output circuit to Which the respective X output lines of the 
plurality of X output lines are connected and the Y output 
circuit to Which the respectiveY output line of the plurality of 
Y output lines are connected, and 

the X output circuit and the Y output circuit respectively 
have an initialiZing circuit Which applies an initialiZing volt 
age for initialiZing the respective X output lines and the 
respectiveY output lines to the respective X output lines and 
the respectiveY output lines at an initial stage of a detection 
period for detecting the photo detection circuit to Which light 
is radiated out of the plurality of photo detection circuits. 

(5) In a display device Which includes a display part on 
Which a plurality of pixels are arranged in a matrix array, and 
a plurality of photo detection circuits Which are arranged in a 
matrix array in the inside of the display part, 

the display part includes a plurality of X output lines and a 
plurality of Y output lines Which intersect the plurality of X 
output lines, 

each photo detection circuit of the plurality of photo detec 
tion circuits includes: 

a photo sensor Which converts an incident light into an 
optical current corresponding to intensity of the incident 
light; 

an integral capacitance Which is connected to one end of 
the photo sensor and integrates the optical current Which is 
converted by the photo sensor, and 

a transistor Which has a control electrode thereof connected 
to a node betWeen the photo sensor and the integrated capaci 
tance and, at the same time, a ?rst electrode thereof connected 
to one of the plurality of X output lines, and a second elec 
trode thereof connected to one of the plurality of Y output 
lines. 

(6) In the constitution (5), the display device includes an X 
output circuit to Which the respective X output lines of the 
plurality of X output lines are connected and the Y output 
circuit to Which the respectiveY output lines of the plurality 
of Y output lines are connected, 
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4 
theY output circuit includes a ?rst voltage applying circuit 

Which applies a predetermined ?rst voltage to the respectiveY 
output lines during a ?rst detection period for detecting a 
position in the X direction of the photo detection circuit to 
Which light is radiated out of the plurality of photo detection 
circuits, 

the X output circuit includes a ?rst initialiZing circuit 
Which applies a ?rst initialiZing voltage for initialiZing the 
respective X output lines to the respective X output lines at an 
initial stage of the ?rst detection period, 

the X output circuit includes a second voltage applying 
circuit Which applies a predetermined second voltage to the 
respective X output lines during a second detection period for 
detecting a position in theY direction of the photo detection 
circuit to Which light is radiated out of the plurality of photo 
detection circuits, and 

the Y output circuit includes a second initialiZing circuit 
Which applies a second initialiZing voltage for initialiZing the 
respectiveY output lines to the respectiveY output lines at an 
initial stage of the second detection period. 

(7) In any one of the constitutions (3) to (6), the display 
device includes a reset line Which is connected to another end 
of the photo sensor, and 

an integrated capacitance initialiZing voltage Which initial 
iZes the integrated capacitance is applied to the reset line in an 
initial stage of a detection period for detecting a photo detec 
tion circuit to Which light is radiated out of the plurality of 
photo detection circuits. 

(8) In any one of the constitutions (2), (4) and (6), the X 
output circuit and the Y output circuit detect the optical cur 
rents in multiple gray scales by performing the detection of 
voltages of the X output lines and the Y output lines plural 
times during one detection period for detecting the photo 
detection circuit to Which light is radiated out of the plurality 
of photo detection circuits. 

(9) In a display device Which includes a display part on 
Which a plurality of pixels are arranged in a matrix array, a 
plurality of scanning lines Which sequentially apply a scan 
ning voltage to the plurality of pixels, and a plurality of photo 
detection circuits Which are arranged in a matrix array in the 
inside of the display part, 

the display part includes a plurality of X output lines, 
each photo detection circuit out of the plurality of photo 

detection circuits includes: 
a photo sensor Which has one end thereof connected to the 

scanning lines of a next stage out of the plurality of scanning 
lines and converts an incident light into an optical current 
corresponding to intensity of the incident light; 

an integrated capacitance Which has one end thereof con 
nected to another end of the photo sensor and integrates the 
optical current Which is converted by the photo sensor, 

a ?rst transistor Which is connected betWeen the oWn-stage 
scanning line out of the plurality of scanning lines and another 
end of the integrated capacitance, and has a control electrode 
thereof connected to a node betWeen the photo sensor and the 
integrated capacitance, and 

a second transistor Which has a control electrode thereof 
connected to the oWn-stage scanning line and, at the same 
time, a ?rst electrode thereof connected to another end of the 
integrated capacitance, and a second electrode thereof con 
nected to one of the plurality of X output lines. 

(10) In a display device Which includes a display part on 
Which a plurality of pixels are arranged in a matrix array, a 
plurality of scanning lines Which sequentially apply a scan 
ning voltage to the plurality of pixels, and a plurality of photo 
detection circuits Which are arranged in a matrix array in the 
inside of the display part, 
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the display part includes a plurality of X output lines and a 
plurality of initializing control lines, 

each photo detection circuit out of the plurality of photo 
detection circuits includes: 

a photo sensor Which has one end thereof connected to one 
out of the plurality of initialiZing control lines and converts an 
incident light into an optical current corresponding to inten 
sity of the incident light; 

an integrated capacitance Which has one end thereof con 
nected to another end of the photo sensor and integrates the 
optical current Which is converted by the photo sensor, 

a ?rst transistor Which is connected betWeen the oWn-stage 
scanning line out of the plurality of scanning lines and another 
end of the integrated capacitance, and has a control electrode 
thereof connected to a node betWeen the photo sensor and the 
integrated capacitance, and 

a second transistor Which has a control electrode thereof 
connected to the oWn-stage scanning line and, at the same 
time, a ?rst electrode thereof connected to another end of the 
integrated capacitance, and a second electrode thereof con 
nected to one of the plurality of X output lines. 

(1 1) In the constitution (10), to the initialiZing control line, 
a photo detection circuit initialiZing voltage having a voltage 
change polarity opposite to a corresponding polarity of a 
scanning voltage is applied to the next-stage scanning line out 
of the plurality of scanning lines is applied. 

(12) In any one of constitutions (9) to (11), the display 
device includes an X output circuit to Which the respective 
output lines of the plurality of X output lines are connected, 

the X output line includes an initialiZing circuit Which 
applies an initialiZing voltage for initialiZing the X output 
lines to the respective X output lines When a non-selective 
scanning voltage is applied to the respective scanning lines of 
the plurality of scanning lines, and 

the display device simultaneously performs Writing of a 
display signal to the pixels corresponding to one roW Which 
are connected to the scanning lines to Which the scanning 
voltage is applied out of the plurality of scanning lines and the 
detection of an output of the photo detection circuit corre 
sponding to one roW Which includes the ?rst transistor Which 
is connected to the scanning line to Which the scanning volt 
age is applied. 

(1 3) In any one of constitutions (l) to (l 2), the photo sensor 
is constituted of a diode. 

(l 4) In the constitution (l 3), the photo sensor is constituted 
of a thin ?lm transistor adopting the diode connection. 

(15) In any one of constitutions (4), (6) and (12), the X 
output circuit is arranged around the display part. 

(1 6) In any one of constitutions (l) to (15), the photo 
detection circuit is provided for each pixel out of the plurality 
of pixels. 

(17) In the constitution (16), the display device is a liquid 
crystal display device, Wherein each pixel out of the plurality 
of pixels includes a ?rst sub pixel having a ?rst-color color 
?lter, a second sub pixel having a second-color color ?lter 
Which differs in color from the ?rst-color, and a third sub pixel 
having a third-color color ?lter Which differs in color from the 
?rst-color and second-color, and the color ?lters are not 
arranged on a region Where the photo detection circuit is 
formed. 

To brie?y explain the advantageous effects obtained by the 
typical inventions among the inventions disclosed in this 
speci?cation, they are as folloWs. 

According to the display device of the present invention 
Which incorporates the touch panel function therein, it is 
possible to reduce the number of elements Which constitutes 
the photo sensor circuit and it is also possible to detect the 
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6 
accurate input coordinate position Without requiring the par 
ticular coordinate arithmetic circuit. 

Hereinafter, an embodiment in Which the present invention 
is applied to the liquid crystal display device is explained in 
detail in conjunction With attached draWings. 

Here, in all draWings for explaining the embodiments, parts 
having identical functions are given same numerals and their 
repeated explanation is omitted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing the constitution of a 
liquid crystal display panel of a liquid crystal display device 
according to an embodiment l of the present invention; 

FIG. 2 is a circuit diagram shoWing an equivalent circuit of 
a sub pixel PR(j,k) shoWn in FIG. 1; 

FIG. 3 is a circuit diagram shoWing an equivalent circuit of 
one example of a photo sensor circuit S(j,k) shoWn in FIG. 1; 

FIG. 4 is a timing chart for explaining an operation of the 
photo sensor circuit S(j,k) shoWn in FIG. 1; 

FIG. 5 is a circuit diagram shoWing the constitution of 
circuits including the photo sensor circuit S(j,k) and a periph 
eral circuit thereof according to the embodiment l of the 
present invention; 

FIG. 6 is a timing chart for explaining an operation of the 
photo sensor circuit S(j,k) and the peripheral circuit thereof 
shoWn in FIG. 5; 

FIG. 7 is a circuit diagram shoWing one example of a unit 
circuit Which constitutes an X output circuit and a Y output 
circuit shoWn in FIG. 1; 

FIG. 8 is a graph shoWing one example of the relationship 
among frequency of a clock CK2, the number of gray scales 
of an optical current Ip and the detection speed according to 
the embodiment l of the present invention; 

FIG. 9 is a circuit diagram shoWing an equivalent circuit of 
one example of a photo sensor circuit S(j,k) according to an 
embodiment 2 of the present invention; 

FIG. 10 is a timing chart for explaining an operation of the 
photo sensor circuit S(j,k) shoWn in FIG. 9; 

FIG. 11 is a circuit diagram shoWing an equivalent circuit 
of one example of a photo sensor circuit S(j ,k) according to an 
embodiment 3 of the present invention; 

FIG. 12 is a timing chart for explaining an operation of the 
photo sensor circuit S(j,k) shoWn in FIG. 11; 

FIG. 13 is a cross-sectional vieW shoWing the cross-sec 
tional structure of a display part shoWn in FIG. 1; 

FIG. 14 is plan vieW ofa TFT substrate shoWn in FIG. 13; 
FIG. 15 is circuit diagram shoWing an equivalent circuit of 

another example of the photo sensor circuit S(j,k) shoWn in 
FIG. 1; 

FIG. 16 is a circuit diagram shoWn the constitution of 
circuits including the photo sensor circuit S(j,k) and the 
peripheral circuits thereof shoWn in FIG. 15; and 

FIG. 17 is a table shoWing the relationship betWeen an 
optical current Ip and voltages of an X output line in respec 
tive times t. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiment 1 

FIG. 1 is a block diagram shoWing the constitution of a 
liquid crystal display panel of a liquid crystal display device 
according to an embodiment l of the present invention. 
The liquid crystal display panel of the embodiment incor 

porates a photo sensor circuit (a photo detection circuit) 
therein. 
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The liquid crystal display panel 10 of this embodiment 
includes a display part 100 and is constituted of a drain drive 
circuit 200, a gate drive circuit 300, an X output circuit 400, 
a Y output circuit 500, and terminals 600. 

The display part 100 includes sub pixels PR(j,k), PG(j,k), 
PB(j,k) having color ?lters corresponding to three primary 
colors respectively and photo sensor circuits S(j,k) Which are 
arranged in a matrix array. One pixel is constituted of three 
sub pixels (PR(j,k), PG(j,k), PB(j,k). 
A gate line G(k) Which is outputted from the gate drive 

circuit 300 and drain lines (DR(j), DG(j), DB(j)) Which are 
outputted from the drain drive circuit 200 are connected to the 
sub pixels (PR(j,k), PG(j,k), PB(j,k)), While an X output line 
X(j) from the X output circuit 400 and a Y output line Y(k) 
from the Y output circuit 500 are connected to the photo 
sensor circuit S(j,k). 

FIG. 2 is a circuit diagram shoWing an equivalent circuit of 
a sub pixel PR(j,k) shoWn in FIG. 1. 

The sub pixel PR(j,k) is constituted of a pixel transistor 
(hereinafter, referred to as pixel TFT) 101 Which is consti 
tuted of a thin ?lm transistor (hereinafter, referred to as TFT), 
a holding capacitance 102 and a liquid crystal capacitance 
103. 
The pixel TFT 101 has a gate thereof connected to the gate 

line G(k), a drain thereof connected to the drain line DR(j), 
and a source thereof connected to the holding capacitance 102 
and the liquid crystal capacitance 103. 

Another end of the holding capacitance 102 is connected to 
a storage line STG, While another end of the liquid crystal 
capacitance 103 is connected to a common electrode VCOM. 

FIG. 3 is a circuit diagram shoWing an equivalent circuit of 
one example of the photo sensor circuit S(j,k) shoWn in FIG. 
1. 
The photo sensor circuit S(j,k) is constituted of a photo 

diode (photo sensor) 111 Which is formed of a TFT in diode 
connection, TFTs (112, 113) having sources thereof 
grounded, and an integral capacitance 115. 

The photo diode 111 is connected betWeen a reset line 
VRES and the integral capacitance 115. The reset line VRES 
is connected to the Y output circuit 500, for example. 

Drains of the TFTs (112, 113) are respectively connected to 
the Y output line Y(k), the X output line X(j), While both of 
gates of the TFTs (112, 113) are connected to the integral 
capacitance 115. 

FIG. 4 is a timing chart for explaining an operation of the 
photo sensor circuit S(j,k) shoWn in FIG. 1. 
As shoWn in FIG. 4, a voltage of the reset line VRES is a 

binary signal having a high-level voltage of VH and a loW 
level voltage of VL. 
A voltage Vp of the integral capacitance 115 becomes 

(VL+Vth 1 (a threshold value voltage of the photo diode 111)) 
since the photo diode assumes a forward bias When the volt 
age of the reset line VRES is VL. 

Further, When the voltage of the reset line VRES is VH, the 
photo diode 111 assumes a reverse bias and hence, an optical 
current lp Which corresponds to intensity of the radiated light 
?oWs in the photo diode 111. 

Since the optical current lp is integrated by the integral 
capacitance 115, as shoWn in FIG. 4, the voltage Vp is 
elevated along With a lapse of time. A gradient of this eleva 
tion of the voltage Vp is proportional to the optical current lp. 
In FIG. 4, lp1 indicates a case in Which the optical current lp 
is large (the optical intensity is strong), While lp2 indicates a 
case in Which the optical current lp is small (the optical 
intensity is Weak). 

The TFTs (112, 113) Which have gates thereof connected to 
the integral capacitance 115 assume an OFF state When the 
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8 
voltage Vp becomes Vp§Vth2 (threshold value voltages of 
the TFTs (112, 113)), and assumes an ON state When the 
voltage Vp becomes Vp>Vth2. 

Accordingly, as in the case of the TFT (lp1) shoWn in FIG. 
4, When the optical current lp is large (lp1), at a point of time 
that the voltage Vp exceeds the threshold value voltage Vth2, 
the TFTs (112, 113) are changed from an OFF state to an ON 
state, While as in the case of the TFT (lp2) shoWn in FIG. 4, 
When the optical current lp is small (lp2), the TFTs (112, 113) 
are held at the OFF state. 

Here, since the photo diode 111 and the TFTs (112, 113) 
are formed on the same TFT manufacturing steps, the thresh 
old value voltage Vthl of the photo diode 111 and the thresh 
old value voltage Vth2 of the TFTs (112, 113) are substan 
tially equal and hence, it is assumed that the relationship 
Vth:Vth1:Vth2 is established. 

Here, the optical current lp and time difference tp from a 
point of time that the voltage of the reset line VRES rises to a 
point of time that the voltage Vp exceeds the threshold value 
voltage Vth2 are expressed by a folloWing formula, Wherein 
the capacitance of the integrated capacitance 115 is indicated 
by Cp. 

ZpICpXlVLl/Zp (1) 

From this formula (1), the time difference tp is inversely 
proportional to the optical current, a coe?icient of the time 
difference is determined based on the integrated capacitance 
Cp and the loW-level voltage VL of the reset line VRES, and 
the threshold value voltage Vth2 of the TFTs (112, 113) is not 
included. 
From the above, the photo sensor circuit shoWn in FIG. 3 

does not depend on the threshold value voltage Vth2 of the 
TFTs (112, 113) and hence, it is possible to detect the optical 
current (lp) in a stable manner. 

FIG. 5 is a circuit diagram shoWing the constitution of 
circuits including the photo sensor circuit S(j,k) and a periph 
eral circuit thereof according to the embodiment. The con 
nection of the photo sensor circuit S(j,k), the X output circuit 
400 and the Y output circuit 500 is exactly performed as 
shoWn in FIG. 1. 
A poWer source line Which supplies a ground voltage GND 

to the photo sensor circuit S(j,k) and the reset line VRES are 
connected in common outside the display part 100. 
The X output circuit 400 is constituted of parallel input/ 

series output circuits (hereinafter simply referred to as a PS 
circuit) PS(j) and TFTs (411 to 413) for initialiZing the X 
output lines X(j). The TFTs (411 to 413) are p-type thin ?lm 
transistors. The initialiZing TFTs (411 to 413) constitute an 
initialiZing circuit. 

Clocks (CKl, CK2) and the X output lines X(j) are inputted 
to the PS circuits PS(j). 

Further, the PS circuit PS(j) receives inputting of signals 
from the preceding PS circuits PS(j) and outputs the signals to 
the next PS circuit PS(j) (Here, the name of signals are not 
described in FIG. 5). 
The initialiZing TFTs (411 to 413) have drains to Which the 

poWer source voltage VDD is applied, have gates to Which the 
reset signal RES is applied and, at the same time, has sources 
thereof respectively connected to the X output lines C((j-l), 
X(j) and X(j+l)). An output Xso of the X output circuit 400 
constitutes the output of the PS circuit of a ?nal stage. 
The Y output circuit 500 is equivalent to the X output 

circuit 400 and is constituted of the PS circuits PS(k) and 
TFTs (511 to 513) for initialing the Y output lines Y(k). 
Clocks (CK1, CK2) and the Y output lines Y(k) are inputted 
to the PS circuit PS(k). 
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The initializing TFTs (511 to 513) have drains to Which the 
power source voltage VDD is applied, have gates to Which the 
reset signal RES is applied and, at the same time, has sources 
thereof respectively connected to theY output lines (Y (k-l), 
Y(k) and Y(k+1)). An output Yso of theY output circuit 500 
constitutes the output of the PS circuit of a ?nal stage. 

FIG. 6 is a timing chart for explaining an operation of the 
photo sensor circuit S(j,k) and the peripheral circuit thereof 
shoWn in FIG. 5. 

Timings of the voltage of the reset line VRES and VP are 
equal to the corresponding timings in FIG. 4. The optical 
current Ip is indicated under 4 conditions of Ip1, Ip2, Ip3, Ip4. 
A reset signal RES is a signal for initializing the X output 

lines X(j) and theY output linesY(k), X(j) indicates a voltage 
of the X output lines X(j), (CKl, CK2) indicate control sig 
nals of the SP circuit, Xso indicates an output of the X X 
output circuit 400. The voltage Vp has the same Waveform of 
the voltage Vp shoWn in FIG. 4. 
When the reset signal RES assumes a LoW level (herein 

after referred to as L level), the TFTs (411-413, 511-513) 
assume an ON state and hence, the X output lines and the Y 
output lines are initialized to the poWer source voltage VDD. 

The operation of the output lines is shoWn by taking the X 
output lines X(j) as an example. The operation of the output 
lines is shoWn With respect to cases When Ip is set to Ip1, Ip2, 
Ip3 and Ip4 respectively. The Ip order relationship is set to 
Ip1>Ip2>Ip3>Ip4. 

The voltage X(j) of the X output lines is initialized to a 
High level (hereinafter referred to as H level) at timing that the 
reset signal RES assumes the L level. 

Thereafter, When the voltage Vp exceeds the threshold 
value voltage Vth of the TFT 113, the output TFT 113 of the 
photo sensor circuit part assumes an ON state and the voltage 
X(j) of the X output lines assumes an L level. 
A point of time t at Which the voltage X(j) of the X output 

lines is changed over from the H level to the L level is changed 
in response to the value of the optical current Ip, Wherein the 
point of time t becomes 0<t<Ti When the Ip is Ip1, Ti<t<2Ti 
When Ip is Ip2, 2Ti<t<3Ti When Ip is Ip3, and is not changed 
over from the H level to the L level When Ip is Ip4. 

The clock CK1 is a clock (data latch clock) for acquiring 
data on the X output lines X(j) and theY output linesY(k) into 
the PS circuits PS(j), PS circuits PS(k). FIG. 6 shoWs an 
example in Which the clock CK1 is inputted at timings of tITi, 
2Ti, 3Ti. 

The relationship among the optical current Ip, the time 
difference tp and the capacitance Cp is expressed by the 
previously-mentioned formula (1) and hence, the optical cur 
rent Ip and the voltages of the X output lines at respective 
points of time t assume values described in a table shoWn in 
FIG. 17. Here, Ip0:Cp><|VL|/Ti 

In this manner, it is possible to detect the optical current 
based on the state of the X output lines at the respective points 
of time. In this embodiment, by setting the acquisition time 
three times, it is possible to detect optical currents of four gray 
scales. In this manner, by performing the detection of voltage 
of the X output lines (orY output lines) plural times (N times) 
during one detection period, it is possible to detect the optical 
current in multiple gray scales (N +1 gray scales). Here, When 
the voltage detection is not performed plural time, that is, 
When NIl, the detection of tWo-gray-scales (ON and OFF) is 
performed. 

The clock CK2 is a data shift clock of the PS circuit. In 
response to this clock CK2, data on the PS circuits PS(j), 
PS(k) Which is acquired at the timing of the clock CK1 is 
shifted and the data is outputted as outputs Xso, Yso of the X, 
Y output circuits respectively. 
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FIG. 6 shoWs the timing of the output Xso of the X output 

circuit 400. The output Xso is outputted in synchronism With 
the output timing of the clock CK2. By observing the output 
Xso three times, it is possible to knoW the timings at Which the 
X output lines X(j) are changed thus enabling the detection of 
four gray scales. 
The frequency of the clock CK2 is determined based on the 

number of gray scales and the detection speed of the optical 
current Ip, Wherein the higher the number of gray scales or the 
detection speed, the frequency is increased. This relationship 
is shoWn in FIG. 8. Here, FIG. 8 shoWs an example in Which 
the number of photo sensors circuit is 240x320. Symbol V 
indicates the detection speed and a unit of the detection speed 
is pps (pixel per second). Symbol N indicates the number of 
detection during one detection period and the number of gray 
scales is set to —1. Symbol F indicates the output circuit 
scanning frequency and is a frequency of the clock CK. A unit 
of the frequency is kHz. 

FIG. 7 is a circuit diagram shoWing one example of a unit 
circuit Which constitutes the X output circuit 400 and the Y 
output circuit 500 shoWn in FIG. 1. 

In this unit circuit, the PS circuit PS(j) is constituted of ?rst 
clocked gates (also referred to as clocked inverters) (441 to 
444), a second clocked gate 451 and inverters (432, 433). A 
TFT 431 is an initializing TFT and corresponds to the TFT 
412 Which is explained in conjunction With FIG. 5. 
A clock CKlB is an inverted signal of the clock CK1 and a 

clock CK2B is an inverted signal of the clock CK2. 
The clock CK1 and the clock CKlB are connected to the 

?rst clocked gate 444 and the second clocked gate 451, While 
the clock CK2 and the clock CK2B are connected to the ?rst 
clocked gate (441 to 443) and the second clocked gate 451. 

This unit circuit includes ?rst to third latch circuits. The 
?rst latch circuit is constituted of the clocked gates (444, 451) 
and the inverter 432, the second latch circuit is constituted of 
the clocked gates (441, 451) and the inverter 432, and the third 
latch circuit is constituted of the clocked gates (442, 443) and 
the inverter 433. 
The ?rst latch circuit acquires and holds a logic level of the 

X-output line X(j) at timings of the clocks (CK1, CKlB). 
The second latch circuit and the third latch circuit are 

operated at timings of the clock CK2 and the clock CK2B, 
and output data Which is acquired by the ?rst latch circuit to 
the output Xso(j) of for a next stage and, at the same time, 
acquire a data from the input Xsi(j) from a preceding stage. 

FIG. 15 is a circuit diagram shoWing an equivalent circuit 
of another example of the photo sensor circuit S(j ,k) shoWn in 
FIG. 1. 
The photo sensor circuit S(j,k) shoWn in FIG. 15 differs 

from the photo sensor circuit S(j,k) shoWn in FIG. 3 With 
respect to a point that the TFT 112 and the TFT 113 are 
removed and a TFT 116 is added. 

The added TFT 116 has, a gate to Which a voltage Vp of the 
integral capacitance 115 is applied, has a drain electrode 
thereof connected to the X output line X(j), and has a source 
electrode thereof connected to the Y output line Y(k). 

FIG. 16 is a circuit diagram shoWing the constitution of the 
circuit including the photo sensor circuit S(j,k) shoWn in FIG. 
15 and peripheral circuits of the photo sensor circuit S(j,k). 

In the example shoWn in FIG. 15, an operation of the X 
output circuit and an operation of the Y output circuit are 
executed by time-division processing. That is, in detecting the 
X output line X(j), a selective voltage VselA shoWn in FIG. 16 
is set to an L level and a selective voltage VseIB to an H level 
so as to turn off the TFT 401 and to turn on the TFT 501 thus 
applying a ground voltage GND to the Y output line Y(k). 
Then, the X output line X(j) is initialized in response to a reset 
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signal RESA thus allowing the X output circuit to operate in 
the same manner as the example shown in FIG. 3. 
On the other hand, in detecting the Y output line Y(k), the 

selective voltage VselA shoWn in FIG. 16 is set to an H level 
and the selective voltage VselB is set to an L level so as to turn 
on the TFT 401 and to turn off the TFT 501 thus applying a 
ground voltage GND to the X output line X(j). Then, the Y 
output line Y(k) is initialiZed in response to the reset signal 
RESB thus alloWing the Y output circuit to operate in the 
same manner as the example shoWn in FIG. 3. 

In this manner, coordinates of X andY are detected. In the 
example shoWn in FIG. 15, the photo sensor circuit S(j,k) is 
constituted of tWo TFTs and hence, it is possible to obtain an 
advantageous effect that the transmissivity of the pixel is 
improved. 

FIG. 13 is a cross-sectional vieW Which shoWs the cross 
sectional structure of the display part 100 shoWn in FIG. 1. 
FIG. 13 shoWs an example in Which the present invention is 
applied to a normally-black (NB) lateral-electric-?eld-mode 
liquid crystal display panel. 
As shoWn in FIG. 13, the display part 100 shoWn in FIG. 1 

is con?gured such that a liquid crystal 720 is sandWiched 
betWeen a TFT substrate 730 and a counter substrate 700. 

The TFT substrate 730 is con?gured such that respective 
sub pixel circuits (751 to 753) of R, G, B and a photo sensor 
circuit 754 are formed on a glass substrate 731, and a common 
electrode 740 and respective pixel electrodes (741 to 743) of 
R, G, B are formed over the sub pixel circuits (751 to 753) and 
the photo sensor circuit 754 by Way of an insulating layer 732. 
On the other hand, the counter substrate 700 is con?gured 

such that respective color ?lters (711 to 713) of R, G, B are 
formed beloW the glass substrate 701, and the respective color 
?lters are covered With an overcoat ?lm 714. 

In such a constitution, over the respective pixel electrodes 
(741 to 743) of R, G, B, the color ?lters (711 to 713) having 
colors Which correspond to colors of the respective pixel 
electrodes (741 to 743) are arranged. Further, the photo sen 
sor circuit 754 is shielded by being covered With the common 
electrode 740 from above. Further, at positions Which corre 
spond to the photo sensor circuit 754, the color ?lters are not 
arranged. 

FIG. 14 is a plan vieW of the TFT substrate 730 shoWn in 
FIG. 13, and also is a vieW Which shoWs the pixel electrodes 
(741 to 743) and the common electrode 740 Which are formed 
on the TFT substrate 730. 

Each sub pixel circuit (751 to 753) is constituted of the 
pixel TFT 101 and the holding capacitance 102 While the 
photo sensor circuit 754 is constituted of the TFTs (111 to 
113) and the integral capacitance 115. 
The common electrode 740 forms opening portions therein 

at positions corresponding to the respective sub pixel circuits 
(751 to 753), and is arranged like a mesh so as to cover the 
Whole display region. Here, the pixel electrodes (741 to 743) 
are arranged in the inside of the opening portions. 

In the constitution formed of the pixel electrodes (741 to 
743) and the common electrode 740, the liquid crystal 720 is 
driven by a lateral electric ?eld Which is generated due to the 
voltages of the pixel electrodes (741 to 743) and the voltage of 
the common electrode 740 thus controlling light Which passes 
through the respective sub pixel circuits. 

In this embodiment, the photo sensor circuit 754 is covered 
With the common electrode 740 . Accordingly, the lateral elec 
tric ?eld is not generated in the liquid crystal arranged over 
the photo sensor circuit and hence, the liquid crystal display 
device performs a black display. On the other hand, light form 
the outside enters Without passing through the color ?lter and 
hence, it is possible to suppress the attenuation of light. 
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Embodiment 2 

A liquid crystal display panel of a liquid crystal display 
device according to an embodiment 2 of the present invention 
also incorporates a photo sensor circuit therein. 

FIG. 9 is a circuit diagram shoWing an equivalent circuit of 
an example of a photo sensor circuit S(j,k) according to the 
embodiment. 
As shoWn in the draWings, the photo sensor circuit S(j,k) 

according to this embodiment is constituted of a photodiode 
121, TFTs (122, 123) and a bootstrap capacitance (hereinafter 
referred to as BS capacitance) 124. 

The photo diode 121 has one end thereof connected to a 
gate line Vg(k+l) of a next stage and has another end con 
nected to a gate of the TFT 122. The BS capacitance is 
connected betWeen a gate and a drain of the TFT 122. 

Further, a source of the TFT 122 and a gate of the TFT 123 
are connected to the oWn-roW gate line Vg(k), a source of the 
TFT 123 is connected to the drain of the TFT 122, and a drain 
of the TFT 123 is connected to X output line X(j). The X 
output line X(j) is connected to the output circuit 400 and the 
initialiZing TFT 461. Here, the initialiZing TFT 461 may also 
form a constitutional element of the X output circuit 400. The 
X output circuit 400 may be realiZed With the constitution in 
the substantially same manner as the X output circuit 400 
explained in conjunction With the embodiment 1. However, 
this embodiment shoWs an example of the detection of 2 
gray-scale (ON or OFF) detection. 

FIG. 10 is a timing chart for explaining an operation of the 
photo sensor circuit S(j,k) shoWn in FIG. 9. 

Voltages (Vg(k), Vg(k+l)) of the respective gate lines have 
periods in Which these voltages assume the L level, Wherein 
during the periods, the reset signal RES is set to the H level 
and hence, the initialiZing TFT 461 is turned on Whereby the 
X output lines X(j) are initialiZed to the L level. 
The voltage Vp and the voltage VX(j) of the X output lines 

When Ip:0 are indicated by a broken line, While the voltage 
Vp and the voltageVX(j) of the X output lines When Ip is large 
are indicated by a solid line. 
When the voltage Vg(k+l) of the gate line assumes the H 

level, the photo diode 121 assumes the forWard bias and 
hence, the voltage of Vp is elevated. Here, since the TFT 122 
is turned on, the drain of the TFT 122 assumes the L level and 
the BS capacitance 124 is initialiZed With the voltage ofV p. In 
this case, the voltage Vp assumes a voltage Which exceeds the 
threshold value voltage Vth. 

Next, When the voltage Vg(k+l) of the gate line assumes 
the L level, the photo diode 121 assumes the reverse bias and 
hence, the optical current Ip ?oWs corresponding to the light 
radiation quantity. 

The voltage Vp holds the voltage When the optical current 
Ip is Zero and When the optical current Ip is increased, the 
voltage is decreased as shoWn in FIG. 10. 

The TFT 122 assumes the On state When the voltage of Vp 
is equal to or more than the threshold value voltage Vth 
(V pZVth) and assumes the OFF state When the voltage of Vp 
is less than the threshold value voltage Vth (Vp<Vth). 
When the voltage Vg(k) of the gate line assumes the H 

level, the TFT 123 is turned on and hence, the state of the X 
output lines X(j) is controlled based on the state of the TFT 
122. That is, When the voltage Vp holds the voltage Vp Which 
exceeds the threshold value voltage Vth, the TFT 122 is held 
on the ON state and hence, the voltage Vg(k) of the gate line 
is outputted to the X output lines X(j). When the voltage Vp is 
less than the threshold value voltage Vth, the TFT 122 is 
turned off and hence, the X output lines X(j) maintains the L 
level. 
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According to this embodiment, it is possible to synchro 
nously perform the Writing of the display signal to the pixels 
of one preceding roW Which are connected to the scanning 
line to Which the scanning voltage is applied out of the plu 
rality of scanning lines and the detection of the output of the 
photo sensor circuit of one roW Which possesses the TFTs 
122, 123 Which are connected to the scanning line to Which 
the scanning voltage is applied. Further, it is no more neces 
sary to provide theY output circuit 500 Which is necessary in 
the embodiment 1. 

Embodiment 3 

A liquid crystal display panel of a liquid crystal display 
device according to the embodiment 3 of the present inven 
tion also incorporates a photo sensor circuit therein. 

FIG. 11 is a circuit diagram shoWing an equivalent circuit 
of one example of the photo sensor circuit S(j,k) of this 
embodiment. 

The photo sensor circuit S(j,k) of this embodiment differs 
from the above-mentioned photo sensor circuit S(j,k) of the 
embodiment 2 With respect to a point that a PN junction of the 
photo diode 121 is inverted and a point that one end of the 
photo diode 121 is connected to an initialiZing control line 
Vdsc(k+ 1). 

FIG. 12 is a timing chart for explaining the operation of the 
photo sensor circuit S(j,k) shoWn in FIG. 11. 

The voltage Vdsc(k+1) of the initialiZing control line is a 
signal Which has a phase opposite to a phase of the voltage 
Vg(k+ 1) of the gate line, Wherein When the voltage Vdsc(k+ 1) 
is at the L level, the photo diode 121 assumes the normal bias 
and Vp is initialiZed to a voltage at the L level. 

Thereafter, When the voltage Vdsc(k+1) of the initialiZing 
control line assumes the H level, the photo diode 121 assumes 
the reverse bias and hence, the optical current lp ?oWs into the 
BS capacitance 124 corresponding to a light radiation quan 
tity. 

Accordingly, the voltage Vp holds the voltage When the 
optical current lp is Zero and elevates the voltage When the 
optical current lp is increased as shoWn in the draWing. 

The operation of the TFTs (122, 123) is equal to the opera 
tion explained in conjunction With FIG. 10 and hence, When 
the voltage Vp exceeds the threshold value voltage Vth, the 
TFT 122 is turned on and the voltage of Vg(k) is outputted to 
the X output lines X(j). When the voltage Vp is less than the 
threshold value voltage Vth, the TFT 122 is turned off and the 
X output lines X(j) hold the L level. That is, in this embodi 
ment, the voltage X(j) of the X output lines assumes the L 
level When the optical current is Zero and assumes the H level 
When the optical current is large. 
As has been explained above, according to the present 

invention, the optical detection means is constituted of the 
photo sensor circuit, the integral capacitance, and the com 
parator Which is constituted of the TFT With the grounded 
source and hence, it is possible to reduce the number of 
elements Which constitute the photo sensor circuit. Accord 
ingly, it is possible to reduce an occupying area of the photo 
sensor circuit and hence, the numerical aperture of the display 
part can be increased. 

The outputs of the optical detection means are connected in 
parallel in the X direction or in theY direction, the inclusive 
OR of the optical detection outputs is acquired by the X, Y 
output lines, and the states of the X, Y output lines are read out 
by the X, Y output circuit and hence, the coordinates of the 
light radiation can be detected Whereby the particular coor 
dinates arithmetic means is no more necessary. 
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Further, the X, Y output circuits can be constituted of the 

logic circuit and hence, it is possible to realiZe the X, Y output 
circuits using the TFTs on the glass substrate. 

In this manner, according to this embodiment, it is possible 
to integrally form the touch panel function With the display 
and hence, there is no possibility that the image quality of the 
display is damaged and hence, it is possible to provide the 
display device incorporating the touch panel function Which 
can accurately detect the coordinates and, at the same time, 
requires no mechanism or structure for mounting the touch 
panel. 

Here, in the above-mentioned respective embodiments, the 
explanation is made With respect to the embodiments Which 
are applied to the liquid crystal display device. HoWever, it is 
needless to say that the present invention is not limited to such 
embodiments and the present invention is applicable to an 
organic EL display device or the like. 

Although the inventions made by the inventors of these 
inventions have been speci?cally explained in conjunction 
With the embodiments, it is needless to say that the present 
invention is not limited to these embodiments and various 
modi?cations are conceivable Without departing from the gist 
of the present invention. 

What is claimed is: 
1. A display device comprising: a display part on Which a 

plurality of pixels are arranged in a matrix array; and a plu 
rality of photo detection circuits Which are arranged in a 
matrix array in the inside of the display part, Wherein each 
photo detection circuit of the plurality of photo detection 
circuits includes: a photo sensor Which converts an incident 
light into an optical current corresponding to intensity of the 
incident light; 

an integral capacitance Which integrates the optical current 
converted by the photo sensor; and 

a comparator to Which a voltage of the integral capacitance 
is inputted; and 

the comparator includes a transistor of an open drain output 
type With a grounded source, Wherein an initialiZing 
voltage Which initialiZes the integral capacitance is 
applied to the integral capacitance via a reset line, 

an output of the comparator includes X output lines, an X 
output circuit Which is connected to Y output lines Which 
intersect the X output lines and to Which the respective X 
output lines are connected, and a Y output circuit to 
Which the respective Y output lines are connected, and 
the X output circuit and theY output circuit are arranged 
around the display part. 

2. A display device comprising: 
a display part on Which a plurality of pixels are arranged in 

a matrix array; and 
a plurality of photo detection circuits Which are arranged in 

a matrix array in the inside of the display part, Wherein 
the display part includes a plurality of X output lines and a 

plurality ofY output lines Which intersect the plurality of 
X output lines, 

each photo detection circuit of the plurality of photo detec 
tion circuits includes: 

a photo sensor Which converts an incident light into an 
optical current corresponding to intensity of the incident 
light; 

an integral capacitance Which is connected to one end of 
the photo sensor and integrates the optical current Which 
is converted by the photo sensor; 

a ?rst transistor Which has a control electrode thereof con 
nected to a node betWeen the photo sensor and the inte 
grated capacitance, a ?rst electrode thereof connected to 
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one of the plurality of X output lines, and allows a 
predetermined ?rst voltage to be applied to a second 
electrode thereof; and 

a second transistor Which has a control electrode thereof 
connected to a node betWeen the photo sensor and the 
integrated capacitance, a ?rst electrode thereof con 
nected to one of the plurality of Y output lines, and 
alloWs a predetermined second voltage to be applied to a 
second electrode thereof. 

3. A display device according to claim 2, Wherein the 
display device further includes: 

an X output circuit to Which the respective X output lines of 
the plurality of X output lines are connected; and 

theY output circuit to Which the respectiveY output line of 
the plurality of Y output lines are connected, Wherein 

the X output circuit and the Y output circuit respectively 
have an initializing circuit Which applies an initialiZing 
voltage for initialiZing the respective X output lines and 
the respective Y output lines to the respective X output 
lines and the respective Y output lines at an initial stage 
of a detection period for detecting the photo detection 
circuit to Which light is radiated out of the plurality of 
photo detection circuits. 

4. A display device comprising: a display part on Which a 
plurality of pixels are arranged in a matrix array; and 

a plurality of photo detection circuits Which are arranged in 
a matrix array in the inside of the display part, Wherein 
the display part includes: 

a plurality of X output lines and a plurality ofY output lines 
Which intersect the plurality of X output lines, and 

each photo detection circuit of the plurality of photo detec 
tion circuits includes: 

a photo sensor Which converts an incident light into an 
optical current corresponding to intensity of the incident 
light; 

an integral capacitance Which is connected to one end of 
the photo sensor and integrates the optical current Which 
is converted by the photo sensor, and 

a transistor Which has a control electrode thereof connected 
to a node betWeen the photo sensor and the integrated 
capacitance and, at the same time, a ?rst electrode 
thereof connected to one of the plurality of X output 
lines, and a second electrode thereof connected to one of 
the plurality of Y output lines, 

Wherein the display device further includes: 
an X output circuit to Which the respective X output lines of 

the plurality of X output lines are connected; and 
theY output circuit to Which the respectiveY output lines of 

the plurality of Y output lines are connected, and 
theY output circuit includes; 
a ?rst voltage applying circuit Which applies a predeter 
mined ?rst voltage to the respective Y output lines dur 
ing a ?rst detection period for detecting a position in the 
X direction of the photo detection circuit to Which light 
is radiated out of the plurality of photo detection circuits, 

the X output circuit includes a ?rst initialiZing circuit 
Which applies a ?rst initialiZing voltage for initialiZing 
the respective X output lines to the respective X output 
lines at an initial stage of the ?rst detection period, 

the X output circuit includes a second voltage applying 
circuit Which applies a predetermined second voltage to 
the respective X output lines during a second detection 
period for detecting a position in the Y direction of the 
photo detection circuit to Which light is radiated out of 
the plurality of photo detection circuits, and theY output 
circuit includes a second initialiZing circuit Which 
applies a second initialiZing voltage for initialiZing the 
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respectiveY output lines to the respectiveY output lines 
at an initial stage of the second detection period. 

5. A display device according to any one of claims 2 to 4, 
Wherein the display device includes a reset line Which is 
connected to another end of the photo sensor, and an inte 
grated capacitance initialiZing voltage Which initialiZes the 
integrated capacitance is applied to the reset line in an initial 
stage of a detection period for detecting a photo detection 
circuit to Which light is radiated out of the plurality of photo 
detection circuits. 

6. A display device according to claim 3, Wherein the X 
output circuit and the Y output circuit detect the optical cur 
rents in multiple gray scales by performing the detection of 
voltages of the X output lines and the Y output lines plural 
times during one detection period for detecting the photo 
detection circuit to Which light is radiated out of the plurality 
of photo detection circuits. 

7. A display device comprising: 
a display part on Which a plurality of pixels are arranged in 

a matrix array; 

a plurality of scanning lines Which sequentially apply a 
scanning voltage to the plurality of pixels; and 

a plurality of photo detection circuits Which are arranged in 
a matrix array in the inside of the display part, Wherein 

the display part includes a plurality of X output lines, 
each photo detection circuit out of the plurality of photo 

detection circuits includes: 
a photo sensor Which has one end thereof connected to the 

scanning lines of a next stage out of the plurality of 
scanning lines and converts an incident light into an 
optical current corresponding to intensity of the incident 
light; 

an integrated capacitance Which has one end thereof con 
nected to another end of the photo sensor and integrates 
the optical current Which is converted by the photo sen 
sor; 

a ?rst transistor Which is connected betWeen the oWn-stage 
scanning line out of the plurality of scanning lines and 
another end of the integrated capacitance, and has a 
control electrode thereof connected to a node betWeen 
the photo sensor and the integrated capacitance, and 

a second transistor Which has a control electrode thereof 
connected to the oWn-stage scanning line and, at the 
same time, a ?rst electrode thereof connected to another 
end of the integrated capacitance, and a second electrode 
thereof connected to one of the plurality of X output 
lines. 

8. A display device comprising: 
a display part on Which a plurality of pixels are arranged in 

a matrix array; 
a plurality of scanning lines Which sequentially apply a 

scanning voltage to the plurality of pixels; and 
a plurality of photo detection circuits Which are arranged in 

a matrix array in the inside of the display part, Wherein 
the display part includes a plurality of X output lines and a 

plurality of initialiZing control lines, 
each photo detection circuit out of the plurality of photo 

detection circuits includes: 
a photo sensor Which has one end thereof connected to one 

out of the plurality of initialiZing control lines and con 
ver‘ts an incident light into an optical current correspond 
ing to intensity of the incident light; 

an integrated capacitance Which has one end thereof con 
nected to another end of the photo sensor and integrates 
the optical current Which is converted by the photo sen 
sor; 



US 8,184,090 B2 
17 

a ?rst transistor Which is connected between the oWn-stage 
scanning line out of the plurality of scanning lines and 
another end of the integrated capacitance, and has a 
control electrode thereof connected to a node betWeen 
the photo sensor and the integrated capacitance; and 

a second transistor Which has a control electrode thereof 
connected to the oWn-stage scanning line, a ?rst elec 
trode thereof connected to another end of the integrated 
capacitance, and a second electrode thereof connected to 
one of the plurality of X output lines. 

9. A display device according to claim 8, Wherein to the 
initializing control line and, at the same time, a photo detec 
tion circuit initializing voltage having a voltage change polar 
ity opposite to a corresponding polarity of a scanning voltage 
Which is applied to the next-stage scanning line out of the 
plurality of scanning lines is applied. 

10. A display device according to any one of claims 7 to 9, 
Wherein the display device includes an X output circuit to 
Which the respective output lines of the plurality of X output 
lines are connected, 

the X output line includes an initializing circuit Which 
applies an initializing voltage for initializing the X out 
put lines to the respective X output lines When a non 
selective scanning voltage is applied to the respective 
scanning lines of the plurality of scanning lines, and 

the display device simultaneously performs Writing of a 
display signal to the pixels corresponding to one roW 
Which are connected to the scanning lines to Which the 
scanning voltage is applied out of the plurality of scan 
ning lines and the detection of an output of the photo 
detection circuit corresponding to one roW Which 
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includes the ?rst transistor Which is connected to the 
scanning line to Which the scanning voltage is applied. 

11. A display device according to any one of claims 1, 2 to 
4, and 6 to 9, Wherein the photo sensor is constituted of a 
diode. 

12. A display device according to claim 11, Wherein the 
photo sensor is constituted of a thin ?lm transistor adopting 
the diode connection. 

13. A display device according to claim 4, Wherein the X 
output circuit is arranged around the display part. 

14. A display device according to any one of claims 1, 2 to 
4, and 6 to 9, Wherein the photo detection circuit is provided 
for each pixel out of the plurality of pixels. 

15. A display device according to claim 14, Wherein the 
display device is a liquid crystal display device, and 

each pixel out of the plurality of pixels includes a ?rst sub 
pixel having a ?rst-color color ?lter, a second sub pixel 
having a second-color color ?lter Which differs in color 
from the ?rst-color, and a third sub pixel having a third 
color color ?lter Which differs in color from the ?rst 
color and second-color, and 

the color ?lters are not arranged on a region Where the 
photo detection circuit is formed. 

16. A display device according to claim 1, Wherein the 
comparator includes ?rst and second transistors of an open 
drain output type With a grounded source. 

17. A display device according to claim 16, Wherein the 
?rst and second transistors have a control electrode thereof 
connected to a node betWeen the photo sensor and the integral 
capacitance. 


